OBJECTIVE: Investigation of standard intensities of physical exercise is important to better comprehend and develop rehabilitation programs for emphysema. We aimed to evaluate the effects of different intensities (moderate and high-intensity) of physical exercise on the development of a protease-induced (papain intratracheal instillation) emphysema in rats. METHODS: Male Wistar rats were randomly separated into five groups that received intratracheal instillation of papain solution or vehicle: (i) papain high intensity exercise, (ii) papain moderate exercise, (iii) saline high intensity exercise, (iv) saline sedentary and (v) papain sedentary. Forty days after intratracheal instillation, the exercise groups were submitted to an exercise-training protocol on a treadmill during 10 weeks, 5 days/week, at 0.9 km/h (Papain and saline high exercise), or at 0.6 km/h (papain moderate exercise). We measured respiratory system elastance and resistance, the collagen fiber lung parenchyma, and the pulmonary mean linear intercept. RESULTS: All animal groups that received papain instillation presented higher alveolar wall destruction compared to animals that received only saline solution. The papain high intensity exercise group presented higher values of mean linear intercept compared to emphysema groups that were trained at a moderate intensity or not submitted to exercise. CONCLUSION: High intensity exercise training worsened alveolar destruction in an experimental model of emphysema in rats when compared to moderate intensity exercise, or to no exercise.
B INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a pulmonary disorder that affects respiratory and cardiovascular parameters 1 ; it is characterized by alveolar wall destruction with permanent airspace enlargement 2 . Animal models have been used to elucidate the possible mechanisms that contribute to emphysema development and worsening. Instillation of proteases have been extensively used to induce emphysema, since emphysema was induced in rats after a single intratracheal administration of papain 2 . Instillation of proteases such as papain and porcine pancreatic elastase (PPE) result in rapid and expressive airspace enlargement that resembles human emphysema 2 . In this context, exercise training has been considered to be an important component of pulmonary rehabilitation in patients with severe COPD 3 , resulting in positive effects on dyspnea and exercise tolerance 4, 5 . However, some experimental studies suggested that exercise training performed during the development of emphysema could actually aggravate it.
In a previous study in our laboratory, Flo et al. observed more severe emphysema in rats that received papain instillation and were submitted to exercise training compared to the group that received this protease but was not submitted to exercise 6 . In this study rats were exposed to high intensity exercise. It is possible that the deleterious effect of physical exercise in the development of experimental emphysema depends on the intensity of exercise.
Sahebjami et al. observed that physical exercise in rats that received papain inhalation resulted in a reduction in tissue elasticity in the lungs 7 . Martorana et al. induced emphysema in hamsters by PPE instillation and then submitted the animals to exercise training 8 . They observed that physical activity did influence the progression of emphysema, but was responsible for the structural right-ventricular changes associated with emphysema.
In clinical studies, lung function parameters, specific symptoms, functional status, and exacerbations were some of outcomes considered to establish a rehabilitation program, respecting the individual disorder's severity 9 . The evaluation of different intensities of exercise activity could elucidate the role of exercise training in emphysema.
In the present study we evaluated different intensities (moderate and high-intensity) of physical exercise and their effects on the development of a protease-induced emphysema in rats. The high-intensity exercise training employed here was based on Vrabas et al. and Zonderland et al. protocols., which were based on an increase in speed and time compared to the moderate exercise.
B METHODS

Study design
In this prospective study, we used specific and validated methods to induce emphysema and evaluate changes in different intensities of exercise activity. This study was approved by the Institutional Review Board of the School of Medicine of the University of São Paulo. All animals received humane care in compliance with the "Principles of Laboratory Animal Care" published by the National Institutes of Health (NIH publication 86-23, revised 1985). 10 Eight-week-old male Wistar rats weighing 294^23 g (mean^SD) were used in the study. The rats were anesthetized with a mixture of 1% isoflurane (Baxter Healthcare, Puerto Rico), diluted in 100% oxygen, at a flow rate of 2 L/min with the use of a gas nebulizer (1224 K, Takaoka, Brazil). Before that, a polyethylene cannula was inserted into the trachea of the animal to connect to a rodent ventilator (flexiVent, Scireq, Canada) with a tidal volume of 10 ml/kg and a respiratory rate of 90 breaths/min. Emphysema was induced by a single intratracheal instillation of papain. Six milligrams of papain (10-20 U/mg protein, Sigma Chemical, USA) were diluted in 1 ml of saline (0.9% NaCl) and infused into the tracheal cannula. Saline groups (SS and SHE) received intratracheal instillation of 1 ml of saline (0.9% NaCl).
Experimental groups. Rats were randomly separated into five groups (n ¼ 10 per group): 1) rats that received intratracheal instillation of papain solution and were submitted to a protocol of high intensity exercise (papain high-intensity exercise -PHE); 2) rats receiving intratracheal instillation of papain solution and submitted to a protocol of moderate intensity exercise (papain moderate-intensity exercise -PME); 3) rats receiving intratracheal papain instillation and remaining sedentary (papain sedentary -PS); 4) rats receiving intratracheal instillation of saline solution and submitted to high intensity exercise (saline high-intensity exercise -SHE); and 5) rats receiving intratracheal instillation of saline solution and remaining sedentary (saline sedentary -SS).
Exercise training protocol. Forty days after intratracheal instillation of either papain or saline solution, PHE, PME and SHE groups were submitted to an exercise-training protocol. Animals were initially adapted to the treadmill for 3 days (5 min, 0% inclination, 0.3 km/h). Exercise training was performed on a human treadmill (Imbramed w , Brazil) adapted with eight chambers (10 £ 10 £ 50 cm each) with Plexiglas covers. Animals were exercised during 10 weeks (5 days/week) between 5:30 PM and 7:30 PM.
Moderate Exercise. Forty days after papain instillation, the selected animals were submitted to the moderate exercise protocol, based on Navarro et al 11 and Hashimoto et al. protocols 12 . Briefly, in the four initial weeks, animals ran at 0.3 km/h for a gradual increase in duration from 15 to 40 min. Starting at the beginning of the fifth week we started to raise the speed from 0.4 km/h (fifth week) to 0.6 km/h (tenth week) and duration from 40 to 60 min.
High intensity exercise. The high intensity protocol was based on Vrabas et al. and Zonderland et al. protocols. 13, 14 For the first four weeks the same protocol of moderate intensity exercise was maintained. From the beginning of the fifth week onward, we raised the speed from 0.4 km/h (fifth week) to 0.9 km/h (tenth week) and the duration from 40 min to 60 min.
Assessment of respiratory system mechanics. Forty-eight hours after the last training session, rats were anesthetized with Thiopental (50 mg/kg), tracheostomized and connected to a ventilator for small animals (flexiVent, Scireq, Canada) to measure Rrs (respiratory resistance) and Ers (respiratory elastance) according to the linear equation of motion of the respiratory system, as follows:
Where Ptr is tracheal pressure, _ V is airflow, V is volume an P o is a constant to correct for errors in estimating functional residual capacity. 15 Lung morphological evaluation. After measurements of respiratory mechanics, and still under anesthesia, the animals were euthanized by exsanguination. The lungs were removed and fixed in formalin 10% for 24 h at the constant pressure of 20 cmH 2 O. Thereafter, lungs were cut and paraffin embedded; sections for histological analysis were prepared. Five-micrometer tissue sections were stained with hematoxylin and eosin (H&E) for lung structure analysis, and Sirius Red for collagen fiber analysis (Direct Red 80, C.I. 35780; Aldrich, USA). 16 The mean linear intercept (Lm), an indicator of mean diameter of airspaces 17 , was assessed employing an integrating eyepiece with a coherent system of 50 lines and 100 points with a known area (10 4 mm 2 of total area) attached to the ocular of the microscope. The number of intercepts of the integrating eyepiece falling on tissue areas was counted in 20 non-overlapping fields of lung parenchyma per animal, at 200 £ magnification, and results were expressed in micrometers.
To evaluate the collagen fiber lung parenchyma content, we used an image analysis system (Image Pro Plus 4.0). The collagen and elastic fiber content in lung parenchyma were expressed as the relationship between the total area of lung tissue in a randomized chosen frame and the collagen or elastic fiber area (mm 2 ) of that frame. Twenty fields were analyzed per animal, at a 400 £ magnification. 18 Statistical analysis. Statistical analysis was performed using Sigma Stat software (SPSS Inc., Chicago, IL 
B RESULTS
Mean values of body weight (^SD) were measured before the beginning of the experimental protocol and at the end of the protocol (Figure 1 ). There was a significant increase in body weight for all groups, comparing the beginning of the experiments (time 0) to the end of the experimental protocol, after 10 weeks (p ¼ 0.001). We did not observe any statistically significant difference in body weight among the experimental groups. Figure 2 shows mean values (^SD) of Ers obtained before the beginning of the experimental protocol and at the end of the experimental protocol. A significant decrease in the values of Ers was observed in the groups instilled with papain (PS, PME and PHE) compared to the groups instilled with saline solution (SS and SHE) (p , 0.001). There was a significant decrease in Ers between the initial and final values for all groups (p , 0.05), except for the saline high exercise group.
Rats that received intratracheal instillation of papain (PS; PME and PHE) showed a statistically significant increase in mean values of Lm (p # 0.001) compared to the animals that received intratracheal saline instillation (SS and SE) ( Figure  3A ). In addition, PHE group showed higher values of Lm compared to PME group (p ¼ 0.001). We did not observe significant differences between PS and PME groups (p ¼ 0.239). Figure 3B shows photomicrographs of lung parenchyma 10 weeks after intratracheal instillation of saline (SS and SHE groups) and papain solution (PS; PME; PHE groups). It can be seen that alveolar wall integrity was preserved in saline groups, whereas and the presence of alveolar wall destruction and marked enlargement of distal airway spaces is evident in the papain groups.
The volume proportion of collagen fibers in alveolar tissue is shown in Figure 4 . Groups that received papain solution showed a significant increased in volume proportion of collagen fibers compared to animals that received saline solution (SS and SHE) (p ¼ 0.049). There was no significant difference in volume proportion of collagen fibers among the groups that received papain instillation.
B DISCUSSION
In the present study, after ten weeks of training, we observed a higher alveolar wall destruction, with a significant increase in Lm values, in all animal groups that received papain instillation compared to animals that received only saline solution. The papain group that was trained with high intensity showed higher values of Lm compared to emphysema groups that were trained with moderate intensity or not submitted to exercise. These results showed that exercise training in high intensity worsened the parenchyma destruction in this animal model of emphysema and that exercise training with moderate intensity does not present this deleterious effect.
The purpose of rehabilitation programs is to submit the respiratory muscles to the correction of the multiple factors that impair their structure and function, depending on the presence and severity of COPD. 19 Furthermore, it is essential that any rehabilitation program should aim to make every patient reach the highest possible level of exercise capability. COPD patients often show weakness and reduced endurance in respiratory muscles, which is correlated with a difficulty in maintaining the level of respiratory power output. 20 Clinical studies report that patients with CPOD who are submitted to rehabilitation programs present improvement in quality of life and exercise tolerance and that this is considered the major objectives of pulmonary rehabilitation. 21 Animal models have been extensively used to closely reproduce human respiratory diseases such as emphysema. Protease-induced emphysema reproduces many aspects of the disease, promoting alveolar wall destruction and lung repair. 22 Papain is a proteolitic enzyme that has been used for many years, and it is able to induce emphysema in animals. Although many recent studies used elastase to induce emphysema, there are no published studies comparing both experimental models. Previous studies by our research 5, 23 and others 24 have shown that papain is efficient to induce lung parenchyma destruction in different animals species and that this effect can be quantified by the increase in mean linear intercept associated with lung remodeling, characterized by deposition of collagen and elastic fibers in alveolar septa. These models provide rapid, significant and reproducible results. 25 Many previous studies have investigated exercise training and emphysema, but until now, to our knowledge, there have been no studies that aimed to compare the effects of high and moderate exercise training in an animal model of emphysema. The protocol of treadmill high intensity exercise training that we used was similar to the protocols used in rats in previous study in our laboratory. 5 The moderate intensity protocol was based on the protocols used in rats by other groups. 26, 27 These protocols are well established in the literature, and their effects at the end of physical training has been previously described. 26, 27 Considering respiratory mechanical function, we observed a significant decrease in Ers when comparing papain to saline groups. However, we did not find significant differences between papain groups that were submitted to different intensities of exercise. Although the assessment of respiratory mechanical function in animal models of emphysema is widely used, and because enlargement of the respiratory air spaces has been associated with decrease in lung elastic properties, the morphometric 
analysis is still considered the most reliable measurement to detect emphysema. 28 In this regard, papain instillation induced alveolar wall destruction measured by the mean linear intercept. The moderate intensity exercise did not modify this measure compared to rats that received papain but were not submitted to exercise. However, the most important result related to this study is that high intensity exercise induced a deleterious effects consisting of an increase in the emphysematous alveolar destruction. Our results could elucidate the negative effects of exercise training obtained in previous experimental studies, 5, 7, 8 since most of the experimental studies did not consider whether the training was exhaustive to the animals. In addition, although the clinical findings suggest that exercise could improve quality of life in patients with COPD, there were no significant effects in respiratory capacity. It is probable that the effects of exercise on quality of life could be more related to psychological effects than to lung function impairment. Our finding has an important clinical repercussion since, in rehabilitation programs, patients are encouraged to exercise in their maximal capacity. This might explain, at least in part, the absence of significant effects in lung function due to exercise training programs in humans.
Generally, apart from the enlargement of the respiratory air spaces observed in emphysema, there is a reorganization of the connective tissue fiber networks during the development of pulmonary emphysema. 29 In our study, we observed an increase in volume proportion of collagen fibers in parenchyma in all animal groups that received papain instillation independent of exercise activity. Although high intensity exercise worsened the alveolar destruction, it did not affect pulmonary remodeling. There is no consensus in the literature correlating lung destruction to the presence of extracellular matrix remodeling. In addition, it is important to consider that we evaluated the total content of collagen fibers in lung alveolar septa without considering the different types of collagen and this could partly explain such results.
Although the present study focused only on whether high intensity exercise worsened alveolar destruction, we may hypothesize some possible mechanics involved in our results. It is well known that oxidative stress is one of the mechanisms involved in the pathophysiology of emphysema. 30 Considering that strenuous aerobic exercise could interfere with oxidant/antioxidant imbalance resulting in an increase in oxidant production, the worsening of alveolar destruction observed in animals submitted to high intensity exercise may be due the presence of high oxidative stress resulting from intense exercise.
Our study presents relevant findings as far as rehabilitation programs are concerned. Because COPD patients are submitted to rehabilitation programs, this result has clinical relevance suggesting that the intensity of exercise used for each patient is a necessary concern. Therefore, care should be taken when prescribing rehabilitation protocols to COPD patients based on their maximal pulmonary capacity.
B CONCLUSION
High intensity exercise training worsened alveolar destruction in an experimental model of emphysema in rats, without effects on lung remodeling and function. The precise mechanism involved in alveolar wall destruction induced by high intensity exercise remains to be investigated. Caution is recommended when prescribing exercise for the rehabilitation of emphysematous patients.
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B RESUMO
OBJETIVO: A investigac ão de intensidades padrão de exercício físico é importante para melhor compreender e desenvolver programas de reabilitac ão para enfisema. Nosso objetivo foi avaliar os efeitos de diferentes intensidades (moderada e alta) de exercício físico sobre o desenvolvimento de enfisema induzido por protease (instilac ão endotraqueal de papaína) em ratos.
MÉ TODOS: Ratos Wistar machos foram divididos aleatoriamente em cinco grupos que receberam instilac ão intra-traqueal de soluc ão de papaína ou veículo: (i) papaína, exercício de alta intensidade, (ii) papaína, exercício moderado, (iii) soro fisioló gico, exercício de alta intensidade, (iv) soro fisioló gico, sedentário e (v) papaína, sedentário. Quarenta dias apó s a instilac ão intra-traqueal os grupos de exercício foram submetidos a um protocolo de treinamento físico em esteira durante 10 semanas, 5 dias/ semana, a 0.9 km/h (papaína e soluc ão salina exercício de alta intensidade), ou em 0.6 km/h (papaína exercício moderado). Medimos elastância do sistema respirató rio e resistência, as fibras de colágeno no parênquima pulmonar, e a intercepc ão linear média pulmonar.
RESULTADOS: Todos os grupos de animais que receberam instilac ão de papaína apresentaram maior destruic ão da parede alveolar em comparac ão com animais que receberam apenas soluc ão salina. O grupo papaína exercício de alta intensidade apresentou maiores valores de intercepto linear médio em comparac ão com grupos de enfisema que foram treinados em uma intensidade moderada ou não submetidos ao exercício.
CONCLUSÃ O: A alta intensidade de treinamento físico produziu mais destruic ão alveolar em um modelo experimental de enfisema em ratos quando comparada ao exercício de intensidade moderada, ou a nenhum exercício.
